Paddy fields are a major global anthropogenic source of methane (CH 4 ) and nitrous 21 oxide (N 2 O), which are very potent greenhouse gases. China has the second largest 22 area under rice cultivation, so developing valid and reliable methods for reducing 23 emissions of greenhouse gases while sustaining crop productivity in paddy fields is of 24 paramount importance. We examined the effects of applying straw, a residual product 25 of rice cultivation containing high amounts of carbon and nutrients, to rice crops 26 during both an early crop season (5 April -25 July 2012) and a late crop season (1 27 August -6 November 2012) on CH 4 and N 2 O emissions in a subtropical paddy field 28 in southeastern China. CH 4 fluxes had two seasonal peaks, on 5 May and 28 June, in 29 the early crop but only one peak, on 13 August, in the late crop, which could be 30 attributed to the lower temperatures after the final tillering stage in the late crop. 31 Straw application significantly increased mean CH 4 cumulative production (g m -2 ) 32 relative to the control in the late crop (37.3 vs. 8.34 mg m -2 , P<0.05) but not in the 33 early crop (0.83 vs. 01.13 mg m -2 , P>0.05). The application of straw significantly 34 increased N 2 O cumulative production relative to the control in the late crop (75.9 vs. 35 43.4 μg m -2 h -1 ) but decreased N 2 O cumulative production by over 43% in the early 36 crop (15.60 vs. 27.27 μg m -2 h -1 ) (P<0.05). Straw application increased rice yield by 37 9.63% and 12.58% in early and late crop respectively. Straw incorporation decreased 38 global warming potential in the early season, but increased it in the late season. Thus, 39 despite straw application enhances emissions of greenhouse gases in some situations, 40 its application in the adequate season (here early crop) may be an effective soil 41 A c c e p t e d v e r s i o n 3 amendment that can increase soil fertility without enhancing or even mitigating 42 emissions of greenhouse gases and thus climate change. 43 44 45 A c c e p t e d v e r s i o n Highlights 46  Straw application had no significant effect on CH 4 flux in the early crop 47  Straw application reduced N 2 O flux by over 43% in the early crop 48  Straw application significantly increased CH 4 and N 2 O fluxes in the late crop 49  The lower temperatures during late crop were related with the low CH 4 50 emissions.
of amending agricultural soil quality and improving the production of rice paddies. 79 However, currently most paddy fields in China are submitted to rice straw application 80 after rice harvest, and the rice straw is burnt in situ in the paddy fields. Rice produces 81 a large amount of agricultural residues, which is either removed from the field, burned 82 in situ, piled or spread in the field, incorporated into the soil, or used as mulch for the 83 following crop (Vibol and Towprayoon, 2010) . Recent studies have examined the 84 effect of straw application on GHG emission from paddy fields but have reported 85 varying results. Several studies reported an increase in CH 4 emission following the 95 far that its effectiveness in mitigating emissions of GHGs from paddy fields is weak. 96 A c c e p t e d v e r s i o n 9 before the transplantation of both crops. The experimental field had three independent 141 blocks for triplicate replication. Each block contained two treatment plots (24 m 2 142 each) arranged in a randomised block design. The rice variety was Hesheng 10, and 143 the spacing among the individual rice was 14 cm x 28 cm. The straw amendment was 144 applied in different plots for the two crops to avoid any carry-over from the early to 145 the late crop, although field observation indicated that almost none of the added straw 146 remained in the soil after the harvest of the early crop. Immediately after paddy soil 147 was plowed, we spread the rice straw by hand. 148 The field was plowed to a depth of 15 cm with a moldboard plow and leveled 149 two days before rice transplantation. Mineral fertilizers were applied at three times 150 with different nutrient loadings using combinations of complete (16:16:16% 151 N:P 2 O 5 :K 2 O) and urea (46% N) fertilizers. The basal fertilizer was applied one day 152 before transplanting at rates of 42 kg N ha -1 , 40 kg P 2 O 5 ha -1 , and 40 kg K 2 O ha -1 and 153 was incorporated mechanically into the top 15 cm of the soil. The tillering fertilizer 154 applied at the tillering initiation stage (one week after transplanting) was broadcasted 155 at rates of 35 kg N ha -1 , 20 kg P 2 O 5 ha -1 , and 20 kg K 2 O ha -1 . The final topdressing 156 fertilizer applied eight weeks after transplantation at the start of panicle formation was permanently installed bottom collar (30 cm length, 30 cm width, 10 cm height) and a 165 removable, transparent upper compartment (30 cm length, 30 cm width, 100 cm 166 height). Three chambers were deployed in each plot, each covering three rice hills. 167 Each chamber had two battery-operated fans to mix the air inside the chamber 168 headspace, a thermometer to monitor temperature changes during sampling, and a gas 169 sampling port with a neoprene septum at the top. A wooden boardwalk was built for 170 accessing the plots to minimize soil disturbance during sampling. 171 Gas fluxes were measured in all chambers at intervals of 1-2 weeks. Gas samples 172 were collected from the chamber headspace by a 100-ml plastic syringe equipped with 200, and 320 °C, respectively, for the determination of N 2 O concentrations. Helium 188 (99.999% purity) was used as a carrier gas (30 ml min -1 ), and a make-up gas (95% 189 argon and 5% CH 4 ) was used for the electron capture detector. The gas 190 chromatograph was calibrated before and after each set of measurements using 1.01, 191 7.99, and 50.5 μl CH 4 l -1 in helium and 0.2, 0.6, and 1.0 μl N 2 O l -1 in helium 192 (CRM/RM information center of China) as primary standards. for the interactions between treatment and sampling date (P<0.01, Table S1 ) but not 236 between the treatments (P>0.05, Table S1 ). Figure Table S1 ). The fluxes were significantly higher in the treated than the control plots 249 (P<0.05, Figure 2 ) during the regreening and tillering stages between 6 August and 3 250 September. Only one CH 4 flux peak was observed, on 13 August, for both the treated Table S1 ) but not between 261 the treatments (P>0.05, Table S1 ). Figure Table S2 ). Soil temperature in the 285 late crop differed significantly among sampling dates (P<0.01) but not for the 286 interactions between treatment and sampling date or between the treatments (P>0.05, 287 Table S2 ). Soil temperature generally increased from 19 °C at the beginning of the 288 experimental period to a peak of 32 °C on 9 July and then decreased gradually Mean soil temperature, pH, salinity, and Eh in the early crop did not differ 300 significantly between the treatments (P>0.05, Table 1 ). In the late crop, soil salinity 301 was significantly higher and soil Eh was significantly lower in the treated than the 302 control plots (P<0.05, Table 1 ). Table 3 ). The GWP due to N 2 O emissions and the combined CH 4 and N 2 O emissions, 324 however, was significantly lower in the treated than the control plots (P<0.05, Table 3 ). 325 The GWPs in the late crop due to CH 4 or N 2 O emissions alone and to the combined 326 emissions were all significantly higher in the treated than the control plots (P<0.05, 327 Table 3 ). period, which suggests a very rapid rate of N uptake by the crop. However, to confirm 468 or not the possibility that higher N release after straw application is underlying higher 469 N 2 O emissions will need further experiments. 470 The higher N 2 O emissions observed in the early crop than in the late can be 471 related to the N fertilizer addition in equal amounts during the two growing stages. 472 The addition of the same amount of fertilizer to two crops which have quite different 473 length of growing season probably means that the shorter crop was over-fertilized, 474 A c c e p t e d v e r s i o n which might partially explain the overall higher N 2 O flux in the early crop than in the 475 late. Applying the same amount of N to plots with and without straw is likely to 476 affect differently the yield in two growth periods, because straw decomposition 477 usually causes early-season N immobilization and this would be more detrimental to 478 plant N uptake in the short growth period (early) than in the longer (late). Different letters indicate significant differences between the treated and control plots (P<0.05). 
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